ABSTRACT. In North America, it is hypothesized that the Golden Eagle's (Aquila chrysaetos) eastern population declined during the period 1946-1973 because of organochlorine pesticides and other anthropogenic causes of mortality. Since 1970, upward trends for the species have been observed at most eastern hawkwatches. To determine whether such positive trends can be observed on breeding grounds, Golden Eagle counts were performed to monitor nesting territory occupancy between 1994 and 2007 in the Moisie and Sainte-Marguerite River valleys, northeastern Québec. Aerial surveys were conducted during seven of the 14 years. During this period, the number of known nesting territories in the study area increased from 10 to 20, while the number of pairs rose from six to 14. The increase is attributed mostly to investigators' improved experience in finding nests and to their greater familiarity with the study area, and possibly to the growth of the regional population. Occupancy of nesting territories by pairs was very stable over the years. Annual mean % of laying pairs (or laying rate) was 48.0 (SD = 19.9), and productivity (mean number of fledglings per pair) was 0.49 (SD = 0.35).
INTRODUCTION
In eastern North America, the Golden Eagle (Aquila chrysaetos) population is low compared with that of the western part of the continent (Katzner et al. 2012) . In the early 2000s, only four pairs were known in the eastern U.S., two in Maine, and one each in Tennessee and northwestern Georgia . Kirk (1996) estimated that the eastern Canadian population reached only 200-300 pairs, most of which were probably breeding in Québec and Labrador. Between 1946 and 1973 , the eastern Golden Eagle population is thought to have been affected by organochlorine pesticides, reducing breeding success and consequently pair abundance (Spofford 1971 , Todd 1989 , Bednarz et al. 1990 , Kirk 1996 . This was supported by downward trends in migration counts at Hawk Mountain, Pennsylvania (Bednarz et al. 1990 ) and other eastern hawkwatches (Kirk 1996) and a concurrent decrease in the number of breeding pairs in the northeastern U.S. from eight (Spofford 1971 ) to only two . Other possible causes of decline, which could be More recently, there is evidence suggesting that the eastern Golden Eagle population is recovering. Numbers of immature eagles at Hawk Mountain increased between 1970 and 1986 (Bednarz et al. 1990 ) and upward trends have also been observed more recently at some other eastern hawkwatches (Kirk 1996, Kochert and . Finally, during the period 1974-2004 and subperiods 1980-1990 and 1990-2000 , increases in Golden Eagle numbers, mostly significant, were recorded in fall counts at Hawk Mountain Sanctuary and other eastern count sites (Farmer et al. 2008) . However, because these trends are only known from count sites and there is no long-term nesting survey in the east, recommended that survey areas be developed for monitoring nesting eagles in Canada. This study presents the results of a medium term project monitoring the occupancy of nesting territories by Golden Eagles in the Moisie and SainteMarguerite River valleys in northeastern Québec. The objective was to verify if the abundance of territorial pairs increased in our study area over the focal period, as suggested by the rise of the species counts at hawkwatches in eastern North America. Because this species is designated as vulnerable in Québec and presents conservation concerns in most neighboring states and provinces (Katzner et al. 2012) , it is also important to assess its breeding status in the study area.
METHODS

Study area
The study area is located north of the town of Sept-Îles, on the north shore of the Gulf of Saint-Lawrence in Québec. It consists of the Sainte-Marguerite and Moisie River valleys, from the mouths of these rivers (approximately 50°N) to about 240 km upstream (nearly 52°N). The two valleys run roughly parallel, separated by a distance of approximately 20-40 km (Fig. 1) . The study area also includes a 126 km² plateau overlooking the Sainte-Marguerite River valley.
Most of the region is wilderness, with human activities concentrated along the shore of the Gulf of Saint-Lawrence. However, the narrow reservoirs associated with three dams on the Sainte-Marguerite River make up a sizeable portion of the study area in terms of river length. The back country is accessible only by rail and a single road running outside the valley that links the northernmost and largest dam, the SainteMarguerite-3, on the Sainte-Marguerite River (located about 90 km upstream from the Gulf of Saint-Lawrence) with Highway 138 in the south (Fig. 1) . The road and the dam were built between 1995 and 1998, and the Sainte-Marguerite-3 reservoir was impounded between 1998 and 2002. The railway, which runs along the southern portion of the Moisie Valley for about 22 km, links Sept-Îles with Schefferville.
Fishing, hunting, trapping, and canoeing are the main human activities in the study area. In the mid-1990s, part of the SainteMarguerite River valley north of the Sainte-Marguerite-3 dam was clear-cut before reservoir impoundment. Clear-cutting has also occurred locally northwest of the dam, outside the reservoir (see Fig. 1 ).
Fig. 1.
The study area and the survey area.
Avian Conservation and Ecology 7(2): 4 http://www.ace-eco.org/vol7/iss2/art4/ Elevations in the study area range from sea level to 1011 m. The Moisie River valley is narrow (generally less than 2 km wide), U-shaped, deeply cut, and bounded by a plateau between 550 m and 800 m in elevation (Li and Ducruc 1999) . The Sainte-Marguerite River valley is similar, but wider (up to 6 km across), and U-shaped only for about one third of its length.
The study area is in the spruce-moss region. The forest canopy is dominated largely by black spruce (Picea mariana), which often occurs in pure stands but is also accompanied occasionally by other species such as balsam fir (Abies balsamea). Hardwoods comprise mostly white birch (Betula papyrifera) and trembling aspen (Populus tremuloides). The undergrowth is composed of hypnaceous mosses and ericaceous shrubs (Saucier et al. 2001) . Forests cover 71% of the Sainte-Marguerite River drainage basin, with the remainder consisting of open biotopes, mainly heath (11%), burns (10%), and alpine tundra (6%; Hydro-Québec, unpublished data). In the Moisie River basin, forest covers a greater proportion of the area than in the Sainte-Marguerite River basin. No major natural perturbations have occurred in the study area for at least 30 years.
Terminology
The terminology used to describe occupancy and reproductive parameters is based on recommendations from Steenhof (1987) . A nesting territory is an area that contains one or more nests, including alternates ones. Nests were assigned to specific nesting territories based on their history of use by pairs of eagles and/or distance between them. Half (4.75 km) of the shortest distance (9.5 km) between the two closest nests occupied by neighboring breeding pairs in all survey years was used as a cutoff point. Any neighboring nests separated by less than that distance were assigned to the same nesting territory. Distance between closest nests of neighboring nesting territories (mean = 13.3 km, SD = 6.6 km, range = 5.9-32.8 km, n = 17) and distance between neighboring nests within nesting territories (mean = 1.0 km, SD = 1.2 km, range = 0.0-4.6 km, n = 38) are significantly different (MannWhitney-Wilcoxon Test, W = 646, p < 0.00001) and show no overlap. A nesting territory was considered occupied if a territorial pair, breeding or not, or evidence of a territorial pair, i.e., incubating bird, one or more eaglets on a nest, at least one refurbished nest or greenery, was observed; otherwise it was deemed unoccupied. It was assumed that only a pair will refurbish a nest or add greenery on it. Photographs taken with a digital camera helped to identify refurbished nests (Fig. 2) . A nest was so classified if the enlarged photograph showed pale tips that reveal fresh, broken twigs. It was undertaken only in the absence of other evidences of pair occupancy.
A pair of Golden Eagles that laid eggs was identified as a laying pair (Steenhof et al. 1997) . It was assumed that all incubating birds had eggs. Laying rate is the annual percentage of territorial pairs that laid eggs. Nestlings that reached ≥ 51 d of age were assumed to have fledged (Steenhof 1987) . Laying pairs that produced ≥ 1 fledgling were considered successful pairs. Productivity is the mean number of fledglings per pair and production is the total count of fledglings. Success rate is the annual percentage of laying pairs that produced at least one fledgling.
Fig. 2.
Incubating Golden Eagle (Aquila chrysaetos) with new and old greenery.
Surveys
Surveys were conducted using an A-Star 350 BA or B2 helicopter. The survey team consisted generally of three observers, two of whom participated in all surveys. The surveys focused primarily on cliffs and their immediate surroundings, although a 60 km² mostly forested area located downstream of the Sainte-Marguerite River valley was also covered in 1997.
When the team was searching for nests, the helicopter was flown several meters below the cliff summits, 20-30 m away from the cliff face. When examining known nests, a much greater distance was maintained to minimize the disturbance to breeding eagles. Speed ranged from 10 km/hr to 25 km/hr, but the pilot periodically hovered to give observers a better look at a nest or a particularly vegetated part of a cliff. To ensure complete coverage of the highest cliffs, two or more passes were made, beginning at the top (Kochert 1986 ). All flights were made under conditions of clear visibility, low winds, and above-freezing temperatures. On sunny days, for safety and accuracy reasons, we avoided examining the cliffs in the shade; westerly exposed cliffs were covered in the afternoon and easterly exposed cliffs in the morning. Once a nest was spotted, its status was determined.
Surveys were carried out twice a year, the first between midand late May to verify occupancy and to count the number of laying pairs and the second in late July to count fledglings. Sainte-Marguerite River valley Vacant nesting territories found in May were examined again, sometimes at the end of the May survey, but always during the July survey. During five breeding seasons between 1994 and 2007 (1994, 1997, 2002, 2004, and 2007) , all cliffs in the study area were thoroughly checked for Golden Eagle nests, except for one year (1994), when the Moisie River valley was only partially covered (40%). During two other years (1998 and 2000) , only nests of known nesting territories were monitored. The small plateau area was completely covered in all years except 1994 and 2007.
During every survey year, the following information was collected on each nesting territory covered: occupancy, nest contents (eggs and/or young), and number of eagles present. Young were aged according to Mathieu (1985) based on observations made from the helicopter. Egg-laying dates were calculated retroactively by subtracting estimated age of nestlings and 44 d for incubation to the observation date (Steenhof 1987) .
Statistical analysis
Linear regression was used to test for trends in occupancy. Laying rate, success rate, mean productivity and occupancy rate were compared between the two valleys using t-test. The level of significance used was α = 0.05 and means are shown with SD. Statistical analyses were conducted using R software (R Development Core Team 2009).
RESULTS
From 1994 to 2007, the number of known nesting territories in the study area increased from 10 to 20, and pair abundance rose from 6 to 14 (Table 1 ). In the Sainte-Marguerite River valley, the number of known pairs increased from three to six whereas, in the Moisie River valley, it more than doubled, increasing from three to eight. Three of the four nesting territories and their corresponding pairs discovered in 2002 were located in the Moisie River valley, in an area that was only being surveyed for the second or third time. In the SainteMarguerite River valley, two of the nesting territories were unoccupied during all seven survey years. Three nesting territories were occupied in 2007, but apparently not during the four or six previous survey years. In 2007, single eagles were observed in two of the unoccupied nesting territories in the Moisie River valley. In the Sainte-Marguerite River valley, no Golden Eagle nests were found either on the plateau or in the forested area. There was no trend in occupancy rate of nesting territories by territorial pairs over the years in the study area (β j = 0.0035, t-value = 0.423, r² = 0.0346, p = 0.690). Although this relation does not present a good fit, occupancy rate trends of the two valleys had significantly different slopes (F = 5.5556, df = 13, p = 0.0402), and mean annual occupancy rate between both valleys (MO: 69.3 ± 17.4% vs SM: 53.4 ± 8.7%) was not significantly different (t = 2.1687, df = 8.82, p = 0.0588). Mean annual occupancy rate for the study area was 56.7% ± 8.4%. All nesting territories occupied in 1994 were still occupied in 2007 (Table 1) . Nesting territories that were occupied when discovered or vacant ones that subsequently became occupied remained, with few exceptions, occupied for the remainder of the survey years. Interestingly, in the second category, with only one exception, occupied nests that were found after a year of no occupancy appeared to be refurbished former nests. Furthermore, one nesting territory (#SM02), located in the Sainte-Marguerite River valley, was apparently abandoned in 1997 and not used again until 2003 or 2004.
Nests were discovered in every survey year but 2000. Most of them were probably former nests and assigned to known nesting territories. In 2007, in the last survey year, the mean number of known nests/nesting territory was 3.3 (SD = 2.2 nests/nesting territory, range 1-8) for a total of 65 nests. All were located on cliffs, on a mean of 2.3 nesting cliffs/nesting territories (SD = 1.4 nesting cliff/nesting territory, range 1-6). The back-calculated laying period revealed that the May aerial surveys were conducted at the end of the incubation period.
Annual mean laying rate in the study area ( 
DISCUSSION
In the study area, the number of known nesting territories occupied by pairs of Golden Eagles increased between 1994 and 2007 as has the total number of known nesting territories. This situation occurred in both valleys. Occupancy rate of nesting territories was relatively stable over the years and did not differ significantly between the two valleys. About half of the pairs seemed to lay eggs in an average year but with high success rates.
Prior to our study, breeding evidence had never been secured for the species in the region (Robert 1996) . Todd (1963) reported a supposed Bald Eagle (Haliaeetus leucocephalus) nest on a cliff along the Sainte-Marguerite River that was pointed out to him by his Innu guides during his canoe journey from the Gulf of Saint-Lawrence to Ungava Bay in 1917. However, the Bald Eagle is not known to nest on cliffs in the province (Ministère du Développement durable, de l'Environnement, de la Faune et des Parcs du Québec [MDDEFP] , unpublished data). Furthermore, the coordinates that Todd provided correspond to a cliff that, during our study, contained three Golden Eagle nests and where breeding of this species occurred. Clearly, Golden Eagles have most probably been breeding in the study area for a long time.
Our aerial censuses appear to be accurate. According to Kochert (1986) , occupancy surveys are more accurate after clutches have been completed, but before the first eggs hatch. Based on the estimated breeding chronology, this timing was achieved during all survey years. The area covered was exactly the same during every complete survey year except the first, which also increased survey accuracy.
We attribute the increase in the number of Golden Eagle pairs and nesting territories observed between 1994 and 2007 mainly to our greater experience and familiarity with the study area. It generally takes two or more survey years to completely identify all nesting territories and territorial pairs in an area (Phillips and Beske 1990, McIntyre and Adams 1999) . This factor explains most if not all of the discoveries made in 2002, which occurred in a sector of the Moisie River valley that was being covered only for the second or third time. Furthermore, the two valleys surveyed have numerous cliffs, several exceeding 200 m in height, with the highest reaching 330 m, and the longest over 1 km in length, making it very difficult to locate nests. As an example of greater experience, the first survey year, we observed that there was a streak of nitrophilous lichen of variable length on the rock face under the ledge of the majority of nests. This clue helped to find some nests in subsequent years. Several unused nests were covered by grassy and/or shrubby vegetation. After we became aware of this situation, some of these nests were found over the survey years by positioning the helicopter at different angles to potential nests or when they became used by a pair of eagles. Moss et al. 2012) , and in this study. There are also indications that the number of Golden Eagles shot annually in the province has dropped in the last decade or so. Indeed, between 1991 and 2007, the percentage of birds of prey shot, admitted for rehabilitation, or found dead decreased significantly from 13.4% to 2.2% (81 birds shot/year to 23 birds shot/year; Desmarchelier et al. 2010) . However, it is important to underline that it does not account for other causes of death such as incidental trapping and poisoning. Obviously, one or more surveys are needed in the study area to clarify population trends.
The fact that occupied nesting territories had generally remained at this state over the years indicates at least a stable (Marquiss et al. 1985 , Watson 1992 , Pedrini and Sergio 2001a . In the Adirondacks, forest fire suppression is thought to be one of the main causes of the species' decline in the last century by reducing the extent of burns owing to forest succession (Singer 1974) .
Laying rates obtained in this study are somewhat lower than values observed in Idaho (annual mean = 70.0 ± 15.5%; Steenhof et al. 1997) and Denali National Park, Alaska (annual mean = 62.1 ± 19.5%; McIntyre and Adams 1999). These investigators also found large annual variations in this parameter. A possible cause of underestimation is nesting failure prior to the May survey, making nests that had been occupied look unoccupied when we checked them. However, this factor is probably marginal because no bowls were found within vacant nests, a shape typical of nests that are used for nesting . Low laying rates could also partly be due to the fact that some territorial pairs could have been composed of at least one subadult bird. Such pairs have a lower laying rate than those consisting of adult birds only (Sánchez-Zapata et al. 2000) . Subadult birds maintain breeding territories when the population is increasing or when adult numbers become depleted (Bergo 1984 , Sánchez-Zapata et al. 2000 . Finally, one or more year with high laying rate could have been missed because survey years were not always consecutive.
The mean annual productivity obtained (0.49 fledgling/pair) is lower than values observed in several western regions of the continent and in Scotland (0.78-1.08 fledgling/pair; . However, it is within the range observed in the Alps (0. Moss et al. 2012) , and in the Northwest Territories, Canada (0.63 fledgling/pair; Poole and Bromley 1988) . McIntyre and Adams (1999) observed that Golden Eagles in northern areas had smaller broods and produced fewer fledglings than their counterparts in more temperate areas. They hypothesized that this lower productivity may result from the energetic costs associated with migration combined with low prey diversity on the breeding grounds. Golden Eagles are probably migratory in the study area because the Hudson Bay population in the province is migratory (Brodeur et al. 1996) , as is the population on the Gaspé Peninsula (MDDEFP, unpublished data). The low reproductive rate is obviously a product of the low egg laying rate because reproductive success was high during most survey years. It is also possible that one or more highly productive years in the study period were missed because surveys were not carried out in successive years. A single year with productivity as high as that in 2000 would increase the mean ratio of fledglings per pair to 0.59.
Golden Eagle is designated as vulnerable in the province and presents a similar status in most neighboring states and provinces (Katzner et al. 2012) . Its population in eastern North America probably reaches only a few hundred pairs and indicators at eastern hawkwatches suggest upward trends. However, knowledge on demography is still lacking. Although this study provides some insight, annual breeding monitoring is needed to evaluate long-term trends and variability in reproductive characteristics of this population. Therefore, we recommend Sainte-Marguerite and Moisie River valleys as a study area for future monitoring.
Responses to this article can be read online at:
http://www.ace-eco.org/issues/responses.php/547
